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Water, a Unique Medium for Organic Reactions 
 
Water is an exceptional solvent in many respects. On a molecular scale, water as a 
liquid is unlike most other liquids; it is strongly self-interacting and structured yet 
highly dynamic. These properties give water its characteristic behaviour as a liquid 
but also as a solvent. The remarkable behaviour as a solvent (together with its 
reactivity) has caused water to have a reputation as a bad solvent for organic 
reactions. Interestingly, however, some of the characteristic properties of water can 
be highly beneficial for organic reactivity and hence a thorough understanding of 
these properties as a solvent will undoubtedly change the “hydrophobicity of 
organic chemists”. Admittedly, certain reactions will never be possible in aqueous 
solutions, but still, water can be used as a solvent for far more reactions than 
currently is the case. Apart from being a chemically interesting solvent, water 
provides a cheap (both in cost price and in ecotax) alternative for organic solvents, 
making it environmentally and economically interesting as well. It was with the aim 
of clarifying water’s behaviour in aqueous reactivity and thereby advancing it as a 
viable alternative solvent for organic chemistry that the work described in this 
thesis been performed. 
An overview of present knowledge and understanding of the (characteristic) 
properties of water both as a liquid and as a solvent has been given in Chapter 1. 
This Chapter also describes (the mechanism of) the water-catalysed hydrolysis 
reactions of activated esters and amides that have been used to study organic 
reactivity in aqueous solutions. The activated esters and amides used in the studies 
described in this thesis are p-methoxyphenyl 2,2-dichloroalkanoates and 
substituted 1-benzoyl-1,2,4-triazoles, all of these hydrolytic probes hydrolyse within 
several hours. The thermodynamic analysis developed previously for reactions 
occurring in (aqueous) solution is summarised and the effects of clustering of 
solutes in (aqueous) solution as well as their aggregate morphology are briefly 
discussed. 
In Chapter 2, the pH-independent hydrolysis reactions of four activated esters 
and two activated amides of varying hydrophobicity have been studied in dilute 
aqueous solution as a function of the molality of added cosolutes ethanol, 
1-propanol and 1-butanol. Rate constants for the neutral hydrolysis decrease with 
increasing cosolute molality. These kinetic medium effects respond to both the 




importance of hydrophobic interactions in these rate effects. The kinetic data are 
analysed using both an existing thermodynamic model and a molecular/kinetic 
model. According to the kinetic model a hydrophobically-stabilised encounter 
complex between the hydrolytic probe molecule and a cosolute molecule is formed 
with equilibrium constants Kec, often smaller than unity. In such an encounter 
complex, the cosolute blocks the reaction center of the hydrolytic ester or amide 
from attack by water and the hydrolysis reaction is largely inhibited. In fact, 
formation of these encounter complexes leads to a dominant initial-state 
stabilisation as described by the thermodynamic model. Decreases in both apparent 
enthalpies and entropies of activation for these hydrolysis reactions upon addition 
of the monohydric alcohols correspond to unfavourable enthalpies and favourable 
entropies of complexation, confirming that the encounter complexes are stabilised 
by hydrophobic interactions. The results provide a quantification of hydrophobic 
interactions and indicate their additivity. In addition, Chapter 2 shows that two 
seemingly different descriptions of the rate-retarding effects are, in fact, closely 
linked. 
The analysis advanced in Chapter 2 describes the rate effects caused by inert 
cosolutes. However, cosolutes often contain one or more functional groups that 
could be reactive. Chapter 3 describes reaction pathways observed for an activated 
amide (1-benzoyl-3-phenyl-1,2,4-triazole) in aqueous solution containing general 
bases of varying basicity. The observed reaction mechanism changes from general-
base catalysed hydrolysis to nucleophilic substitution and general-base catalysed 
nucleophilic substitution with increasing basicity of the added cosolute. The 
mechanism and the rate constants vary in a predictable way, with the changes 
paralleling those for reactions of p-nitrophenyl ethanoate. Apart from the changes 
in mechanism with changing basicity, a slight tendency is also observed for more 
hydrophobic general bases to show higher reactivity with the hydrophobic probe, an 
effect expected to be typical for water as a solvent. Aspartame, having two basic 
functional groups as well as an aromatic ring available for hydrophobic 
interactions, is an exceptionally effective nucleophile. The nucleophilicity of this 
molecule is possibly enhanced because nucleophilic substitution is subject to 
intramolecular general-base catalysis and, in addition, the encounter complex 
formed as part of the activation process is stabilised by hydrophobic interactions. A 
general conclusion from Chapter 3 is that unexpected rate effects can only be 
rationalised provided that the detailed reaction mechanisms are understood in 
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sufficient detail. For cosolutes carrying basic functional groups, this is now the 
case. 
Chapter 4 deals with the effect of added hydrotropes on hydrolysis reactions of 
1-benzoyl-3-phenyl-1,2,4-triazole. Hydrotropes typically contain a hydrophilic and a 
strongly hydrophobic moiety and act as strong solubilisers of apolar solutes in 
water but do not form micelles. In our kinetic experiments, most hydrotropes 
induce strong rate-retarding effects, indicative of strong interactions with the 
hydrolytic probe and often involving remarkably strong hydrophobic interactions 
between aromatic moieties. Despite showing strong interactions with the hydrolytic 
probe, most hydrotropes show neither spectroscopic (1H NMR) nor kinetic evidence 
for cooperative self-aggregation in the molality range studied, i.e. from 0 to 1.4 mol 
kg-1. Cooperative self-aggregation of the hydrotrope molecules is absent because the 
hydrophobic moieties are too small for hydrophobic interactions to overcome 
electrostatic repulsion. It is exactly this lack of aggregation that results in a high 
availability of hydrophobic binding sites for uncharged apolar compounds, thereby 
accounting for the high solubilising power of hydrotropes. The hydrotropes with the 
longest alkyl tails, however, viz. sodium 4-n-propylbenzenesulfonate and sodium 
4-n-butylbenzenesulfonate do show cooperative self-association and provide the link 
between hydrotropes and micelle-forming surfactants, the subject of Chapter 5. 
Kinetic effects exerted by this next category of compounds, the cationic, anionic 
and nonionic micelle-forming surfactants, is discussed in Chapter 5. Typically, 
micelles can be treated as a pseudophase with properties rather different from bulk 
water. A comparison is drawn between medium effects inside the micelles and in 
different model solutions. Two types of model solutions are used. Simple model 
solutions involve concentrated aqueous solutions of a small molecule resembling 
the surfactant headgroup. In this model the entire rate-retarding effect is attributed 
to interactions with the (ionic) headgroup. An improved model solution for 
alkyltrimethylammonium bromide micelles is developed, using a series of hydrolytic 
probes (p-substituted 1-benzoyl-1,2,4-triazoles) showing different sensitivities 
towards ionic and hydrophobic interactions. These ionic and hydrophobic effects 
can be mathematically (or graphically) separated. Such improved model solutions 
contain both a salt mimicking the micellar headgroups, and 1-propanol, mimicking 
hydrophobic tails. The rate-retarding effects of micelles on the hydrolysis of the 
series of hydrolytic probes described in Chapter 5 can be rationalised by assuming 
that they are caused by the high concentration of headgroups and by the 




the probes used to determine the contributions of ionic and hydrophobic effects are 
reproduced by the model solution comprising both salt and 1-propanol. The 
micellar effects on the hydrolysis reaction of a different probe and on the ET(30) 
values, both not included in the design of the mimicking solution, are also 
reproduced rather well. The availability of such model solutions that are able to 
mimic the (reaction) medium presented by the micellar Stern region is of 
importance for an understanding of micellar effects on reactions and other 
processes. In addition, the present approach is not restricted to the micellar Stern 
region, nor is the (mathematical) procedure restricted to the separation of rate 
effects caused by only two properties (here ionic and hydrophobic interactions), 
raising the possibility of including more properties in the mimicking solution. 
Chapter 6 is different from the other Chapters in that it does not deal with effects 
of added cosolutes on the hydrolysis reactions of activated esters or amides but 
rather with isochoric conditions (constant volume) in respect to the temperature of 
maximum density of water (TMD). At temperatures above and below the TMD, pairs 
of temperatures exist at which the molar volumes of water are equal. Hence, 
without the application of pressure (used to keep constant the molar volumes of 
solvents without a TMD) water offers sets of temperatures for which the isochoric 
condition holds. First-order rate constants for hydrolysis of 1-benzoyl-1,2,4-triazole 
in very dilute aqueous solution at such isochoric pairs of temperatures do not show 
unique features, contrary to a previous claim. Taken together with previously 
published kinetic data for hydrolysis reactions that were monitored both below and 
above the TMD of water, we conclude that special significance in the context of 
rates of chemical reaction in aqueous solutions should not be attached to the 
isochoric condition.  
Finally, in Chapter 7 of this thesis, the results described in Chapters 2 to 6 are 
put into perspective and incentives for future research are given.  
